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1) Introduction

The purpose of this report is to compare results of streamside cadmium toxicity testing
using species native to the South Fork Coeur d’Alene River, Idaho, to potentialcadmium
criteria values. A main objective is to evaluate whether the site-specific test data better
fit Idaho’s existing ambient water quality criteria for cadmium, EPA’s 2001 updated
criteria, or some different site-specific criteria. This subject was considered in an earlier
report (Mebane 2001); this report analyzes the site-specific data and criteria in greater
depth.

The South Fork Coeur d’Alene River (hereafter “South Fork™) site-specific criteria
development project was intended to develop aquatic life criteria that were more
ecologically relevant to the cold water organisms and waters of the watershed than were
criteria that applied to the entire nation. The “resident species approach” of testing a
diverse variety of organisms resident to the watershed in site water was used to develop
criteria. This approach is intended to concurrently account for potential differences
between 1) the toxicity of metals in site waters and the laboratory waters that make up
much of the data in the national criteria; and 2) differences in the sensitivity of a variety
of aquatic organisms occurring in the waters of interest and the sensitivities of organisms
used in the national criteria (Carlson et al. 1984).

From 1995 to 2000, toxicity testing with cadmium, lead, and zinc was conducted in water
from near the headwaters of the South Fork Coeur d’Alene River (“South Fork™)
watershed, using native species collected from the watershed. Test facilities were
constructed on site in space provided by the Hale Fish Hatchery, near Mullan, Idaho. The
South Fork Coeur d’Alene River has been pervasively disturbed by over a century of
mining activities, however the Hale Hatchery is located upstream of disturbed areas.

Windward (2002), summarizes six years of site-specific toxicity testing, and derives
proposed site-specific ambient water quality criteria for lead and zinc. Cadmium was
also studied, but in earlier interpretations of site-specific toxicity test data, results with
the most sensitive resident species (cutthroat trout, Oncorhynchus clarki) seemed similar
to results listed in the national criteria database for acutely sensitive species (Chinook
salmon, O. tshawytscha), as published in the 1984 national cadmium criteria (EPA 1984).
Because of the similar responses, it was anticipated that further testing would ultimately
result in site-specific cadmium criteria similar to existing criteria. It was decided to focus
project resources on further testing to develop and evaluate site-specific criteria that were
different from the national criteria. Consequently, site-specific criteria for cadmium were
not developed as part of Windward (2002).

By spring 2001, most toxicity testing to develop the site-specific criteria, data analyses
and criteria derivation for lead and zinc, and extensive reviews had been completed. At
about that time, EPA released their “2001 Update of the Ambient Water Quality Criteria
for Cadmium” (EPA 2001a). Because these updated national criteria became available,
the site-specific cadmium data were re-evaluated here in more detail to determine
whether revisions of the present criteria are indicated.

The Idaho statewide ambient cadmium criteria are based upon EPA’s 1992 National
Toxics Rule “NTR” (40 CFR 131.36) which was in turn based on EPA (1984). Both the



EPA 1984 and 2001 cadmium criteria are log-linear equations which for a given total
hardness value predict threshold concentrations for preventing unacceptable long-term
and short-term effects to fish and benthic assemblages in rivers and stream following
episodic, short-term (1-hour to 4-day) cadmium exposures. Comparative criteria values
over the range of hardnesses occurring in the South Fork are given in Table 1 for criteria
maximum concentrations (CMC or “acute” criteria) and criteria continuous
concentrations (CCC or “chronic” criteria). The NTR specifies that the cadmium criteria
equations should only use hardness values between 25 and 400 mg/L as CaCOjs (hereafter
the ”as CaCO;* is omitted). However, for the purposes of comparing the NTR and 2001
equation results, these constraints are ignored in Table 1.

Table 1. Equations (top) and sample results of the Idaho (NTR) and EPA 2001 ambient
water quality criteria for dissolved cadmium:

CD CRITERIA NTR AND EPA 2001 Cb CMC “AcUTE” AND CCC “CHRONIC” EQUATIONS (pG/L)

“ACUTE” NTR  CMC=1.1367-(In(hardness) x 0.041838) x g 128 X In(hardness)-3.828)

2001 CMC=1.1367-(In(hardness) x 0.041838) x g 0166 X In(hardness)-3.924)

“CHRONIC” NTR  CCC=1.101672-(In(hardness) x 0.041838) x g0-78%2 LN(hardness)-3.49)

2001 CCC=1.101672-(In(hardness) x 0.041838) x e/ 409"LN(hardness)-4.719)

CMC (uGI/L) CCC (uGl/L)
Hardness (mg/L): 5 10 25 50 100 5 10 25 50 100
NTR 0.13 0.29 0.82 1.7 3.7 | 0.1 0.18 0.37 0.62 1.0
2001 0.10 0.20 0.51 1.0 21 0.02 0.05 0.09 0.15 0.25

a) Site-specific criteria development

Two approaches were used here to compare the site-specific test data to the NTR and
EPA 2001 criteria predictions. First, effects from site acute and chronic toxicity tests
were analyzed and plotted against criteria concentrations to “eyeball” whether criteria
concentrations appear acceptable. Second, site data were quantitatively taken through the
criteria derivation calculations to see whether calculated site-specific criteria reasonably
matched either the NTR or 2001 cadmium equations, or whether a separate site-specific
South Fork cadmium criteria was warranted.

The summarized steps used in the project to develop criteria using the resident species
approach generally included (Carlson et al. 1984; Stephan et al. 1985; Windward 2002):

1. Identifying resident species to test that are representative of the benthic invertebrate
and fish assemblages of the South Fork.

2. Conducting toxicity tests with a diverse variety of wild fish and benthic invertebrates
in rangefinding exposures to identify the most sensitive species by ranking their



acute values, LC50s'. Several aquatic invertebrates were tested and the only two
native fish species present in the upper, unpolluted portions of the South Fork
watershed were tested (i.e., shorthead sculpin and cutthroat trout). Cutthroat trout
were the most acutely sensitive species to cadmium.

3. A broodstock of adult cutthroat trout captured from the upper South Fork was
established. This allowed a source of cutthroat fry for testing that were of a known
age, and risk of pre-exposure and acclimation to ambient metals, and avoided
depleting an at risk population of native cutthroat trout.

4. Using the most sensitive species (i.e., cutthroat trout), more definitive acute toxicity
tests were completed to determine mean acutely toxic values, referred to as the
species mean acute value, or SMAV. The SMAYV for the most sensitive species was
used as the final acute value (FAV).

5. Tests were conducted at different times and with different water sources to develop
hardness-toxicity relationships to and hardness-based criteria equations. Rainbow
trout were used as a surrogate for resident westslope cutthroat trout in some of these
tests of relative toxicity of different waters.

6. Using rainbow trout, Oncorhynchus mykiss, as a surrogate for cutthroat trout, paired
acute and chronic tests to calculate acute/chronic ratios (ACR). Acute/chronic ratios
are a means to relate the acute and chronic toxicities of a material. Because of
limited availability of native cutthroat trout for testing, the closely related rainbow
trout were used.

7. The derive the acute criteria that is safe for short term exposures, the FAV was
divided by 2 to extrapolate from a value that on the average is lethal to 50% of a
sensitive species a value that has few if any acute effects. To estimate a chronic
value that is protective for long-term exposures, the FAV is divided by the average
acute/chronic ratio.

More details on these steps are given in following sections.

2) Acute site-specific toxicity testing

Acute toxicity test results of cadmium in site water are plotted with the NTR and EPA
2001 criteria curves in Figure 1. 19 acute tests (96-hour ) with eight native species were
conducted. Rainbow trout were also tested as a surrogate for resident cutthroat trout to
evaluate hardness-toxicity relationships, to test for spatial or temporal variability in
toxicity, and to relate acute to chronic responses. Rainbow trout occur in the South Fork,
but are considered an undesirable exotic species in the South Fork because they are
invasive and displace or interbreed with native Westslope cutthroat trout. Thus they were
not considered a “resident” species for criteria development (Windward 2002). A

" LC50 is the estimated test concentration that was lethal to 50% of the test organisms. All acute values
from the site-specific testing would more precisely be called EC50s for the 50% effects concentration,
since effects other than lethality such as immobilization were measured. However, LC50 is a more
commonly used term, so it is used here too.



literature value (Stubblefield 1990) for mountain whitefish, Prosopium williamsoni, was
also included in Figure 1 since mountain whitefish are a native species in the South Fork,
but could not be tested because they were uncommon in the uncontaminated upper
reaches where test organisms were collected. Also shown are the LC50s from testing the
toxicity of cadmium + zinc mixtures at approximately equi-toxic ratios to cutthroat trout
(Dillon and Mebane 2002).

The acute values for cutthroat trout, rainbow trout, and shorthead sculpin fall close to
each other on the plot, suggesting generally similar sensitivities to cadmium for these
species in stream water (Figure 1). As predicted by the criteria equations, a general
pattern of increasing toxicity (lower LC50s) with decreasing hardness is apparent, and
appears to hold to even very low hardnesses (7.5 mg/L). Two tests, one with hatchery
cutthroat and one with rainbow trout at a hardness of 21 mg/L plot below the other
cutthroat and rainbow trout data. These outlying results are from tests using fry from the
Idaho Department of Fish and Game’s Sandpoint Hatchery, a different source from all the
other tests with rainbow trout which used fish from Mount Lassen Trout Farms. The
resident cutthroat trout used in the other tests were progeny of the South Fork broodstock,
or were field collected.

The toxicity of Cd+Zn mixtures to cutthroat trout, plotted as cadmium LC50 values
follow a similar hardness-toxicity pattern as the tests with cadmium alone. This was also
the case when these test results were plotted as zinc LC50s and compared with single
metal zinc tests (data not shown). These observations are similar to other tests of
cadmium and zinc mixtures. In tests of chronic toxicity of Cd+Zn mixtures to flagfish,
the mixture toxicity was similar to the toxicity of zinc alone (cadmium was not tested
singly) and uptake of one metal was not influenced by the presence of the other (Spehar
etal. 1978b). The LC50s of cadmium and zinc in mixtures to rainbow trout and bull
trout, Salvelinus confluentus, were also similar to LC50s of the metals individually
(Hansen et al. 2002a).

The LC50s of the three resident cutthroat trout tests fall close to the NTR acute criterion
values in Figure 1. In other words, criterion values that are intended to result in little if
any toxicity to sensitive species instead resulted in unacceptable toxicity (up to 50%
mortality). All LC50 values except the two tests using Sandpoint Hatchery fish plotted
above the EPA 2001 acute criterion values.

Another way to estimate whether the NTR or the EPA 2001 criterion maximum
concentrations achieve the intended balance between being under or over protective, is
whether on the average, acute values for sensitive species such as cutthroat trout are >2X
the criterion value. This comparison is used because in criteria development, a final
acute value (FAV) is the LC50 value for sensitive species. However, a value lethal to
50% of a sensitive species cannot be considered protective of that species. Dividing the
final acute value by two is intended to extrapolate from a concentration that is lethal to
50% of the test organisms to a concentration expected to kill few if any organisms
(Stephan et al. 1985).
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Figure 1. Acute values from site specific testing compared with the current Idaho acute
cadmium criterion (“NTR CMC”), and EPA’s 2001 acute cadmium criterion (“2001
CMC”). Data from Windward (2002), except for the literature value for mountain
whitefish (Stubblefield 1990) which is shown since the species occurs in the study area
and no site specific data are available.



Using this guide, the acute cadmium values from the site-specific testing with resident
species were divided by the NTR and the EPA 2001 acute cadmium criteria (Table 2).
Of the tests with South Fork-resident fish species, (i.e., sculpin and cutthroat trout), none
of the four acute values were >2X the NTR acute cadmium criterion. In contrast, the
ratios of the acute values for resident fish species divided by the EPA 2001 acute
cadmium criterion ranged from 1.9 to 3.0. Hence the EPA 2001 acute cadmium criterion
appears to be sufficiently protective for sensitive native fish, and does not overpredict
toxicity (is not overprotective).
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Table 2. Comparison of current Idaho (NTR) and 2001 acute cadmium criteria with site-specific acute toxicity test values.
Concentrations less than 2 the LC50 concentration are expected to kill few if any individuals and are generally considered
safe. Shaded values indicate LC50s of resident taxa that were <2X greater than the acute criteria. Rainbow trout and
cutthroat trout from outside the South Fork drainage are not considered “resident” species for the purposes of establishing
acute values. Test data are from Windward 2002.

Common Name Scientific Name Test Date Test Test Acute NTR LC50/NTR 2001 LC50/2001

Hardness LC50 (ug/L) CMC CMC CMC CMC

(mg/L as

CaCo0:s)
Caddisfly Arctopsyche sp. 10/22/95  nm (~20) >458 0.82 559 0.40 1145
Mayfly Rhithrogena sp. 9/11/96 21 >50 0.82 61 0.42 118
Mayfly Baetis tricaudatus 9/11/96 21 >73 0.82 89 0.42 172
Snail Gyraulus sp. 9/11/96 21 >73 0.82 89 0.42 172
Stonefly Perlodidae sp 10/22/95 nm (~20) >5000 0.82 6098 0.40 12500
Stonefly Sweltsa sp. 12/9/95 nm (~20) >5,130 0.82 6235 0.40 17004
Shorthead sculpin Cottus confusus 9/10/96 21 1.29 0.82 0.42 3.0
Rainbow trout (Mount Lassen hatchery) Oncorhynchus mykiss 10/24/97 21 0.84 0.82 1.0 0.42 20
Rainbow trout (Mount Lassen hatchery) Oncorhynchus mykiss 5/23/99 7.5 0.48 0.82 0.6 0.15 1.6
Rainbow trout (Mount Lassen hatchery) Oncorhynchus mykiss 5/23/99 24 1.30 0.82 1.6 0.49 2.7
Rainbow trout (Mount Lassen hatchery) Oncorhynchus mykiss 5/23/99 30 0.99 1.00 1.0 0.61 1.6
Rainbow trout (Mount Lassen hatchery) Oncorhynchus mykiss 5/23/99 13.5 0.97 0.82 1.2 0.27 3.2
Rainbow trout (Mount Lassen hatchery) Oncorhynchus mykiss 10/2/99 32 0.89 1.08 0.8 0.65 1.4
Rainbow trout (Mount Lassen hatchery) Oncorhynchus mykiss 7/26/00 28.5 0.83 0.95 0.9 0.58 1.4
Rainbow trout (Sand Point hatchery) Oncorhynchus mykiss 9/10/96 21 ~0.39 0.82 0.5 0.42 0.9
Cutthroat trout (resident) Oncorhynchus clarki lewisi ~ 8/26/99 32 1.41 1.08 1.3 0.65 2.2
Cutthroat trout (resident) Oncorhynchus clarki lewisi  8/9/00 30.5 1.18 1.02 1.2 0.62 1.9
Cutthroat trout (resident field-collected  Oncorhynchus clarki lewisi ~ 9/10/96 21 0.93 0.82 1.1 0.42 2.2
young-of-year)
Cutthroat trout (Sand Point hatchery) Oncorhynchus clarki lewisi ~ 9/10/96 21 ~0.30 0.82 0.4 0.42 0.7
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3) Acute site-specific criteria evaluations

The previous qualitative comparisons suggest that the site-specific test data would be
congruent with the EPA 2001 acute cadmium criterion. The following is a more
quantitative treatment of the site-specific data using EPA’s national procedures for
deriving numerical water quality criteria for the protection of aquatic organisms and
modifications for site-specific criteria (Carlson et al. 1984; Stephan et al. 1985). These
detailed toxicological and mathematical procedures provide a process to estimate
thresholds of toxicity that would protect aquatic ecosystems from exposure to a
substance. An important part of the process is the calculation of an overall acute value,
or final acute value (FAV) that is derived from all the mean acute values (MAVs)
available for different species that are available for a chemical. The MAVs could be
calculated at any taxonomic level, but are usually expressed as species mean acute values
(SMAYVs), genus mean acute values (GMAVs), or family mean acute values (FMAVs).
GMAVs are the specified taxonomic level for calculating FAVs because for a given
substance, differences in sensitivities of species within a genus are usually smaller than
are differences between genera The FAV is defined to be lower than all but a small
fraction of the MAVs that are available for a chemical. The fraction was set at 0.05, i.e.
the FAV lies at the fifth percentile of the statistical population represented by the set of
MAV:s available for a chemical. This fraction was selected because other fractions
resulted in FAVs that were deemed too high or too low in comparison with the dataset
from which they were obtained (Stephan et al. 1985). However, the procedures specify
that if the set of MAVs contained a MAV for an important species that was lower than
the calculated FAV, the FAV should be reduced to be equal to that MAV. For example,
in EPA’s 2001 acute cadmium criterion development, the FAV was calculated to be
2.763 ug/L, but was lowered to 2.108 pg/L to protect the commercially important
rainbow trout (EPA 2001a; Stephan et al. 1985). While not explicitly stated, further
rationale inferred for the selection of the 5™ percentile of available MAVs to set a FAV,
was to predict toxicity thresholds that would protect the diversity of taxa in benthic
macroinvertebrate, fish, and other aquatic assemblages, without over-predicting toxicity
based on extreme values that might be in a set of GMAVs available for a substance.

The diversity of aquatic animals in North America is much larger than the diversity of
organisms for which are represented in toxicity testing datasets. No overall estimates of
North American aquatic diversity were reviewed, but since Idaho alone has >1200 stream
macroinvertebrate taxa and 129 fish species records (IDEQ Beneficial Use
Reconnaissance Program database), it seems likely that in North America somewhere in
the order of >10,000 genera of aquatic fauna occur. In contrast, the number of GMAVs
available in the EPA ambient water quality criteria documents is usually <50. In part
because of this disparity, the guidelines for calculating a FAV also specify the minimal
diversity needed in a dataset of eight families which contain representatives of certain
types of taxa that are often important in freshwater ecosystems. These include at least
one value for a member of each of the following families: 1) a salmonid, 2) a fish from a
2" family, 3) another vertebrate such as an amphibian or a 3" family of fish, 4) a
planktonic crustacean, 5) a benthic crustacean such as a crayfish or amphipod, 6) an
insect such as a mayfly, stonefly, caddisfly or midge, 7) a family from other than
Chordata or Arthropoda such as a mollusc or annelid worm, and 8) another insect or
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animal from a phylum that is not already represented (Stephan et al. 1985). The
calculation of a FAV from a small set of GMAVs meeting the above minimum diversity
requires considering that the set is a random sample from a statistical population, and that
the FAV is an estimate of the 5™ percentile of that population. Erickson and Stephan
(1988) analyzed available datasets and developed equations for estimating the 5t
percentile of a GMAV “population” from relatively small datasets with minimal bias.
They found that a triangular-shaped distribution of the “population” best fit the available
data and agreed with ecotoxicology concepts. In a triangular distribution, mid-range
toxicity values are most common, forming the peak in the triangular-shaped distribution,
and values for highly resistant or highly sensitive taxa are rare, forming the bottom
corners of the triangular distribution. A triangular distribution is similar in concept to the
familiar bell-curve of a normal distribution, but instead of being described by curves, is
described with straight lines which give a peak in the center of the distribution instead of
a hump, and upper and lower limits to the distribution are given by definite corners,
instead of tailing off. Depending upon the GMAYV “sample size” and the distribution of
the “sample” values, the 5t percentile estimate will either be interpolated between low
values in the GMAV “sample” or be extrapolated below the lowest value in the “sample”
(Erickson and Stephan 1988).

The guidelines for deriving a site-specific FAV using the resident species approach are
similar to the national guidelines, except that if species from all eight of the specified
groups could not be tested because they do not occur at a site, then other sensitive taxa
should be tested until the eight family minimum is met. If all taxa at a site have been
tested, and the eight family minimum is not met, then the most sensitive SMAV should
be used as the FAV (Carlson et al. 1984). In the South Fork, the specified groups could
not be tested because of low diversity. Upstream of significant mining pollution, only
two families of fish are present, but neither a third vertebrate species, benthic crustaceans
or planktonic crustaceans were present in sufficient numbers to be feasible to test.
Members of two amphibian families, the tailed frog Ascaphus truei and the Pacific giant
salamander Dicamptodon ensatus have been collected in the study area. However, the
amphibians were scarce and available data on cadmium or other metals toxicity to
amphibians indicated amphibians probably were among the more resistant taxa (EPA
2001a; EPA 2001b). At least 60 families of benthic macroinvertebrate families have
been collected in the study area. Additional insect species were tested with cadmium to
meet the eight resident-family minimum diversity. (EVS 1995; Windward 2002). The
toxicity test results listed in Table 2 were normalized to estimate values at a hardness of
50 mg/L so that the resident taxa may be ranked by their relative acute sensitivity to
cadmium (Table 3).

13



Table 3. Ranked resident species mean acute values (SMAVs) normalized to a hardness
of 50 mg/L using the hardness-toxicity slope from EPA (2001a).

Rank Common Name Latin Name or Family SMAV (uG/L)
8 Stonefly Perlodidae sp. 12,400
7 Stonefly Sweltsa sp. 12,400
6 Caddisfly Arctopsyche sp. 1106
5 Mayfly Baetis tricaudatus 176
4 Snalil Gyraulus sp. 176
3 Mayfly Rhithrogena sp. 120
2 Shorthead sculpin Cottus confusus 3.1
1 Westslope cutthroat trout Oncorhynchus clarki lewisi 21

Using the FAV equation (Equation 1), the 5t percentile GMAV was estimated as 0.17
png/L Cd at a hardness of 50 mg/L (Table4).

Equation 1. Final acute value (FAV) calculations (Erickson and Stephan 1988; Stephan
et al. 1985)

P=R/n+1)

. \/Z ((In GMAV)* —((3(In GMAV))* / 4)
> P - (NP) 14

A=S5(H0.05)+L

FAV =e*

Table 4. FAV equation calculation results using South Fork resident species GMAVs.

Rank  Resident Genera GMAV — Cumulative In (In SQRT
Genus mean  Probability GMAV ~ GMAV) P
chronic value  (P=R/(n+1)

(Mg/L)
4 Snail, Gyraulus 176 0.444 5.170 26.734 0.667
3 Mayfly, Rhithrogena 120 0.333 4,787 22.920 0.577
2 Sculpin, Cottus 3.1 0.222 1.131 1.280 0.471
1 Trout, Oncorhynchus 21 0.111 0.742 0.550 0.333
Sum: 1.111 11.831 51.485 2.049
Number of GMAVs = 8
S=4.316
L=-1.472
A=-0.5070

FAV= 0.17 pg/L
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The SMAYV for the most sensitive species tested, Westslope cutthroat trout, is 12X higher
than the theoretical 5" percentile GMAV (SMAVs=GMAVs since only one species per
genus was tested). All the resident fish species were tested, and there were large
difference in sensitivity between the less sensitive fish and the next most sensitive taxa
(~40X less sensitive). This contraindicates the assumption that the FAV equation
estimates the 5 percentile GMAYV of the population of resident taxa from the sample of
resident taxa tested. Instead, the most sensitive species in the sample tested (cutthroat
trout) probably represents the most sensitive species in the population, and that SMAV
should be used as the site FAV. This is similar to the conclusions of EPA (2001a) in
updating the national acute cadmium criterion, which passed over the calculated FAV
results in favor of adjusting the criterion to match the rainbow trout SMAV. The resident
cutthroat trout SMAYV obtained from site-specific testing is almost identical to the
rainbow trout SMAYV that was used to adjust the FAV in the national cadmium criterion
(Table 4). Rainbow trout were used in some South Fork site-specific criteria testing as a
surrogate for the resident cutthroat trout. Rainbow trout mean acute values from testing
in site water were also almost nearly identical to the national rainbow trout SMAV.

Table 5. Comparison of potential cadmium FAV results based on the most sensitive
SMAYV or the FAV equation in site-specific and national data sets. Site-specific
values were adjusted to a hardness of 50 mg/1 using EPA’s (2001a) pooled
hardness slope.

Species Genus SMAV GMAV FAV by FAV
equation  from

MSS
SMAV

South Fork resident cutthroat trout mean Oncorhynchus 213 2.13 2.13

acute values

Mount Lassen rainbow trout mean acute Oncorhynchus 2.17

values from site-specific testing

EPA 2001 Rainbow trout SMAV Oncorhynchus 2.1

EPA 2001 genus Oncorhynchus value Oncorhynchus 3.84 2.11

(rainbow trout, chinook salmon, and coho
salmon tests)

FAV equation results — EPA 2001 2.76
FAV equation results — Table 4 0.17

Once the final acute value is determined, it is divided by two to extrapolate from a value
that on the average is lethal to 50% of the individuals a population of the most sensitive
species to a criterion maximum concentration (CMC) that is lethal to few if any
individuals (Stephan et al. 1985). For the six acute test with resident cutthroat trout and
cadmium or cadmium and zinc mixtures, dividing their LC50 values by two
corresponded to <LC1 to LC15 values, calculated by Probit analysis (EPA 1992).

For metals, criteria are often expressed as hardness-dependent equations. Site-specific
testing was conducted using different test waters and at different times of the year to
include a range of hardnesses. The hardnesses tested, 7.5 — 32 mg/L (Table 2), included
values that were beyond the midrange of hardness (20 — 200 mg/L) where the hardness-
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toxicity relationship is best explained aquatic chemistry — fish physiology mechanisms
(Meyer 1999). The South Fork testing also included hardnesses lower than those
previously evaluated (EPA 2001a). Regression analysis of the natural log acute values
with Mount Lassen rainbow trout (dependent variable) with the natural log of hardness
suggested the hardness-toxicity relationship continues in natural waters with low
hardnesses (slope 0.400, * 0.48, P=0.08, n=7). This slope is lower than the slopes of ~1
that usually result from midrange hardness-toxicity regressions with divalent transition
metals, supporting Meyer’s (1999) theoretical argument that extrapolating hardness-
toxicity relationships below midrange hardness values could drastically overpredict
toxicity (Meyer 1999).

The range of hardnesses tested, 7.5 — 32 mg/L, reflects hardnesses commonly occurring
in headwater areas of the South Fork watershed. However, hardnesses up to ~135 mg/L
were measured in the lower South Fork Coeur d’Alene River (Dillon and Mebane 2002).
At these higher hardnesses that occur in the lower South Fork watershed, the national
acute cadmium criterion probably provides a better estimate of hardness-toxicity
relationships than would extrapolating the relationship obtained from site testing at the
low end of the hardness range. The cadmium toxicity-hardness relationship for the
national acute criterion is based on 64 selected tests, the vast majority of which were
from hardnesses of 20 — 200 mg/1, providing a slope of 1.01 (EPA 2001a). A site-
specific cadmium criterion equation could be constructed as a hockey-stick shaped
equation, with the lower slope at the low end of the hardness range (e.g. <= 25 mg/L
hardnesses) and the higher slope at midrange hardness (e.g. 25 — 200 mg/L). However,
this would be novel, and if regulated discharges are usually into receiving waters with
midrange hardness, the overprediction of toxicity at low hardnesses may not be of much
practical significance. Thus the simpler, national equation is probably sufficient for such
cases.

In conclusion, the results of a quantitative treatment of the acute toxicity data following
the framework of Carlson et al. (1984) and Stephan et al. (1985), lead to the same
conclusion as did “eyeballing” the site-specific data and the criteria curves in Figure 1 —
that the EPA 2001 acute criterion equation is a reasonable fit with the South Fork site-
specific data.

4) Chronic site-specific cadmium testing

Two early-life stage (ELS) tests with rainbow trout in site water were conducted as part
of this project (EVS 1997; Windward 2000). Rainbow trout were used in chronic testing
as a surrogate for cutthroat trout because the numbers of resident cutthroat fry were
limited. Rainbow and cutthroat trout had very similar acute sensitivity to cadmium
(Table 4) and the species are so physiologically similar that they often interbreed
(Behnke 1992). Thus the chronic toxicity of cadmium to rainbow and cutthroat trout is
likewise probably similar. The objective of early-life stage testing was to expose the
trout to cadmium continuous exposure, beginning before hatch, and ending after hatch,
using the flow-through technique. Early-life stage tests are used in criteria development
because they are generally useful estimates of comparable with life cycle tests with the
same species (ASTM 1998; McKim 1985; Stephan et al. 1985). Acute tests were
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conducted concurrently with the same cohort of fish in the same dilution in order to
estimate acute/chronic ratios from which chronic toxicity to other species might be
estimated.

The 1997 test was conducted over a 69-day exposure from August 21 — October 27, 1997
using water from the Little North Fork of the South Fork Coeur d’Alene River (LNF).
The test was initiated with six treatments with measured average concentrations ranging
from 0.3 — 15 pg/L, plus a control, with three replicates per treatment. Two exposure
upsets occurred during the test, otherwise the test followed ASTM (1998). On day 16 of
the test, a dosing error resulted in overdosing all treatments by about 4X for about three
days. A small increase in mortality (about 5 ~ 10 %) appeared to occur following the
overdose (Figure 2). The fish were just beginning to hatch at the time. Eggs and newly
hatched alevins have been found to be much more resistant to toxicity from cadmium or
other metals than later juvenile forms of salmonids. The swim-up stage was more
sensitive than earlier or later life stages (Chapman 1978a; Chapman 1978b; Chapman
1994). Because of this, the concentrations during that time were excluded from the time-
weighted average exposures in the interpretation of later results (Figure 2, Table 5).
Otherwise, the averages would be biased high, in comparison to the later concentrations
experienced by the more sensitive swim-up fry.

Hatching began Swimup complete

: LS

S
4
t?) —@— Control (<0.2 pg/L)
R 404 —=—T1(0.3 pglL)
30 | —a— T2 (0.6 pg/L)
—%—T3 (1.3 pglL)
20 | —%—T4 (3 uglL)

—e—T5(7 uglL) T o
0911 L Te(15ugL)
0 . . I N I B 1

13 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69

Days post hatch

Figure 2. Progressive mortality of rainbow trout in early-life-stage testing with cadmium,
August 21 - October 27, 1997. On day 53, the 0.3 pg/L and 0.6 pg/L treatments were
overdosed resulting in complete mortality.

No appreciable mortality at any concentration occurred until day 32 of the test, as alevins
began absorbing their yolk-sacs and becoming free-swimming. At this time, fry began to
die off in the three high cadmium treatments, 3 — 15 pg/L. (Figure 2). A noticeable
increase in mortality in the mid-range (1.3 pg/L) treatment was also apparent. No
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mortality occurred at that time in the control or the two low cadmium treatments (0.3 and
0.6 ng/L). By day 45, about seven days after swim-up was complete, mortality had
plateaued in the 1.3 pg/L mid-range treatment. On day 53, a second upset resulted in
overdosing the two low-cadmium treatments (0.3 and 0.6 pg/L treatments). At this stage
of the test (~14-days past completion of swim-up), the fish were likely at their most
sensitive stage (Figure 2). All fish in all replicates of these two treatments died within
one-day of the overdose.

The test results were analyzed two ways — after 53 days cadmium exposure with all
treatments, and after 69 days exposure with the remaining four treatments (Table 6). In
the 1.3 pg/L mid-range cadmium treatment, mortalities were similar after 53 and 69 days
exposure, 16% and 18% higher than control mortality, respectively (P=0.4 by Student’s
one-sided t-test). It seems reasonable to assume the mortality in the two lower treatments
also would have remained proportional to the control mortality. Thus, despite the
interruption of the planned exposures, the 53 days exposure seems sufficient to estimate
effects of cadmium on an early life stage growth and survival of rainbow trout. This
provided ~20 days exposure beyond the rapid onset of mortality that happened as most
swim-up occurred, and 14-days exposure after all swim-up was complete. Mortality had
plateaued in the low and mid-range cadmium treatments about 8 days before the low
treatments were lost, suggesting ample exposure time had occurred to evaluate early-life
stage toxicity.

These observations are supported by a recent 55-day juvenile growth test of bull trout
swim-up fry with cadmium (Hansen et al. 2002b). Mortality from cadmium was
essentially ended within the first 5 days of cadmium exposure, and the observed mortality
was similar to that observed in concurrent acute toxicity tests with cadmium and swim-up
bull trout fry. Similarly, in 8-day exposures, Chapman (1978) found little or no increases
in mortality from exposures of juvenile steelhead or chinook salmon beyond 4-days
exposure to cadmium.
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Table 6. Responses of rainbow trout exposed to cadmium in early life stage testing,
1997, 69 day test (see note), averages of three replicates. Underlined values
were significantly lower than control means at P <0.05, by Dunnetts’s test.

Cadmium treatments, mean Control T1 T2 T3 T4 T5 T6 Minimum
dissolved cadmium pg/L (+ (<0.2) detectable
SD) 0.3 0.6 1.3 2.9 69 15 difference from
(0.05) (0.12) (0.20) (0.47) (0.77) (2.7) control (% of
b control)
Mortality — 53 days (%) 11.1 14.8 15.6 26.7 704 85.2 81.5 +155%
(17.5%)
Mortality — 69 days (%) 15.6 a a 33.3 86 96 100 +13.4%
(15.8%)
Wet weight — 53 days (g) 0.218 0.208 0.219 a a a a -0.048 g
(22.0%)
Wet weight — 69 days (g) 0.395 a a 0.342 0.222 0.146 Al -0.092 g
dead (23.3%)
Biomass — 69 days (g) 13.27 a a 10.2 1.3 0.049 Al -0.93¢g
dead (7.0%)
Length — 69 days (mm) 33.8 a a 31.7 28.36 25 All -1.27 mm

dead (3.8%)

Mean hardness 21 (range 20-21), mean pH 6.76 + 0.34 SD

a— No data. Exposures 1 and 2 (0.3 and 0.6 ug/L treatments) were overdosed on day 53, causing complete
mortality in those treatments.
b — Only one fish surviving at 69 days, so treatment excluded from Dunnett’s test.

A second early-life stage test with rainbow trout was conducted with more treatments at
low cadmium concentrations and used a different water source. The 1999 test was
conducted over a 62-days from July 23 — September 22, 1999 using water from the Hale
Fish Hatchery intake from the South Fork Coeur d’Alene River. The test was initiated
with five treatments with average measured concentrations of 0.2 — 2.5 pg/L, plus a
control, with three replicates per treatment (Windward 2000).

Noticeable mortality in the highest treatment began about day 23 of the test. As with the
1997 test, this was a few days before swim-up was complete as most of the alevins
absorbed their yolks and became free swimming. Mortality at the highest treatment
essentially ended about 5 days after swim-up was complete (~day 32). Mortality at lower
exposures (0.2 to 1.0 pg/L) were indistinguishable from control mortalities (Figure 3).
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Figure 3. Progressive mortality of rainbow trout in early-life-stage testing with cadmium,
July 22 - September 22, 1999.

On day 43 of the test a problem with the dosing developed and cadmium concentrations
decreased in all treatments. This occurred about 16 days after the most sensitive life
stage had been exposed (swim-up fry) and about 10 days after mortalities ended (Figure
3). The mean treatment exposures listed in Table 7 were calculated as time-weighted
averages over the entire test. For example, the time-weighted average concentration in
treatment 5 from day 1 to day 43 was 3.5 pg/L, whereas the time-weighted average for
the entire 62 days was 2.5 pg/L. This is a conservative interpretation of the test
concentrations that the fish experienced during the critical swim-up stage when most
mortality occurs.

Increased mortality resulted from the highest treatment (T5). No clear concentration-
response was apparent with the growth endpoints. Biomass was significantly lower in
treatment 5 than controls, but that was due to the reduced density of fish, not growth of

surviving fish.
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Table 7. Responses of rainbow trout exposed to cadmium in early life stage testing,
1999, 62 day test. Underlined values were significantly lower than control
means at P <0.05, by Dunnetts’s test.

Mean dissolved cadmium ug/L Control  T1 T2 T3 T4 T5 Minimum

(£ SD) (<0.2) detectable
0.19 0.38 0.6 1.0 25 difference from
(0.05) (0.17) (0.38) (0.69) (1.6) contro